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SOLUTIONS OP EXEKCISES. 



STATICS. 
Paob 11. 

( 

(1.) 18 lbs. : 168 lbs. : : 3 ft. : 28 feet. 

(2.) 36 in. : 17 in. : : 181bs. : 8J lbs. 

(3.) The larger force is ^ of the single force, 
therefore the smaller force is -f of the single force. 

(4.) 64 in. : 7 in. :: 20 cwt. : 2 cwt. 21 lbs. 

(5.) 6 cwt. : -rTrs cwt. of 6 : : 12 in. : 5 inches. 

(6.) It is required to find two numbers the soin 
and difference of which are respectively 12 and 2. 
aj -f 2/ = 12 ; 25 — y = 2 .'. aj = 7, y = 5. 

(7.) Tensions are 4, 4 + 5 = 9, 4 + 5 + 7 = 16. 
9 lbs. : 4 lbs. : : Hi in. : 6 inches ; 9 lbs. : 16 lbs. : : 
Hi in. : 20 inches. 

Page 17. 
(12.) R = V 632 ^ 163 _ 65, 
(13.) R = V 843 + 132 = 85. 
(14) Q = V (113 + 112) (113 — 112) = 
V 226 X 1 = 15. 



4 SOLUTIONS OF EXERCISES. 

(15.) Here ^ (33a)3 + (56a)2 = 6oa. 
But 65a = 130 .-. a = 2 
wherefore P = 33 x 2 = 66, and Q = 56 x 2 = 112. 

(16.) P = V (85 + 77) (85 - 77) = ^162x8 
= 36. 

(17.) Q - n/ (30.5 + 27.3) (30.5 — 27.3) 
= V 57.8 X 3.2 = 13.6. 

(18.) Let X = resultant; larger force = 259.2 — x, 
aj2 = 7.22 ^ (259.2 — x^. 
aj2 = 51.84 + 51.84 x 1296 — 518.4 x + xK 
.'.X = 129.7; 259.2 — 129.7 = 129.5. 

(19.) Complete the parallelogram. It will be 
seen that the oblique force is inclined at an aogle of 
45% and is equal to the square root of twice the 
vertical force. 

(20.) Let P = 16a, then Q = 63tf ; hence R = 
V (16a)2 + (63a)2 = 65a. But 65a = 13, there- 
fore a = i. Therefore -^ = 3.2 and 6_3 = 12.6 
are respectively the two forces. 



Page 22. 

(1.) Prom formula Sec. 24. B? = F^ + P- + 
P2 = 3 P2 = 3 X 152 .-. R = 15 ^3. 

(2.) B^= P2 + P2 + P2 X V 3 = 202 + 202 
+ 202 ^ 3 = 692.8 .-. R = 26.32. __ 

(3.) B^= P2 + P2 + P2 X 7 2 = 402 + 403 
+ 402 V 2 = 5462.4 .-. R = 73.9. 

(4.) See Section 20, II. deduction. 

(6.) B^= P2 + P2 -^ p2 7"2 = 1002 + 1002 
— 1002 ^ 2 = 5860 .-. B = 76.5. 
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(6.) R3 = P3 + Q2 _ PQ = 102 + 423 _ 420 
= 1444 .-. R = 38. 

(7.) R^ = P2 + Q2 + PQ = 82 + 123 + 96 
= 304 .-. R = 17.43. 

(8.) R2 = P2 + Q2 _ PQ = 92 + 112 _ 99 

= 103 .-. R = 10.14. 

(9.) Let A B and C B repre- 
sent P and R respectively. Com- 
plete the parallelogram. DB 
represents force Q, and being 
the hypothenuse of A B D C, is 
greater than B C. 

(10.) R2 = P2 + P2_p2 /3 = 2 X 502 -. 
503 X 7 3 = 670 .-. R = 25.88. 

(11.) At 120'. See Section 20, U. deduction. 

(12.) R2 = P2 + p2 + p2 -- 3 p2 

3P3=8100; P2 = 2700 = 900 X 3.-. P=:30 JJ. 
(13.) Construct the figure (see fig. in Ex. 9 above). 
Horizontal force equals the vertical force. Oblique 
force equals square root of twice the vertical force. 

(14.) R2 = P2H-p2==2P2andP2 = — = 

50 .-. P = 7.07. 

(15.) R2 = P2 + p2_p2 72 = P2(2 — ^2) = 

p2^ 100 ^ 100(2 + V2) = 

2 — V2 2 

13.066. B 



170.7.-. P = 




D A 

55 



(16.) See Figure. GB= -^,T^A = 27.6 ^8. 



G SOLUTIONS OF EXERCISES. 

MD= v^(96 + 27.6)X(95 — 27.5) = ^122.6x67.5 
= V49x5x.5x9x3x5x.5=V72x53x.52x32x3 
= 7 X 5 X.5 X Sv^S = 52.5^/^3. 

Then (M D + D A) the other component 
= 62.6 V^ + 27.6 V~^ = 80 Vd. 

Page 25. 

(1.) See Section 30. 

(2.) Two of the forces are in the same straight 
line, and neutralize each other, leaving as resnltant 
the third force. 

(3.) Here the two eqnal forces P and B act at 
an angle of 120''. Their resnltant is, therefore, 
eqnal to one of them, and bisecting the angle acts in 
the same direction as the force Q. Total resultant 
is therefore 10 lbs. 

(4) If we take the forces in order, we find that 
the first and third forces are of 6 lbs. each, are ex- 
actly opposite to other forces of 5 lbs., and are 
therefore neutralized. We have, also, three forces 
of 8 lbs. each, acting at right angles to each other. 
Two of them act in opposite directions in the same 
straight line, and are therefore neutralized. We 
have then left as resultant one force of 8 lbs. 

(5.) Let B A and A G repre- 
sent the two forces. The push- 
ing force, or thrust, B A, may be 
replaced by the equal drawing 
O S force, or strain, A D. Complete 
the parallelogram. The diagonal A £ represents the 
resnltant. 

(6.) V 119^ + 1208 = J 28561 = 169. 
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Since resnltant 169 is equal to square root of the 
sum of the two forces, therefore the angle between 
them must be a right angle. 

(7.) E2 = P2 + P2 ^ 2 P2 

P2 = 152 = 50 = 25 X 2 

p =5 yl . 

(8.) V443 + 1172 = ^ 15625 = 126 

.-. AB= 125. 
Now, if a triangle A' B' C^ be drawn equal in all 
respects to A B C turned through 90**, its sides will 
be parallel to, and therefore proportional to, the 
forces. Hence, 125 in. represents a weight of 10 lbs., 
therefore 1 in. represents *08 lbs. ; 44 inches repre- 
sent 44j X '08 = 3-52 lbs. ; and 117 represents 
117 X -08 = 9-36 lbs. 

(9.) Let A G, B D be the diagonals intersecting in 
E. On A E, BE make the paral- 
lelogram A E B P, and join E P. 
Because D E is parallel and equal 
to A P, therefore P E is parallel 
and equal to A D. Now, forces 
represented by A E, B E wiU be half the forces re- 
presented by A C, B D ; and P E, the resultant of 
the former, will therefore be half the resultant of 
the latter. Hence, this resultant is twice the force 
represented by A D. 

Page 32. 

(1.) See Section 38. 

(2.) The magnitude of resultant = (18 + 12) 
= 20 lbs. 




8 SOLUTIONS OF EXEBGISES. 

Let X be the distance of its point of application from a, 

.•.20aj = 12 X 12 
and X = 7-2. 
(3.) See Section 41. 
(4.) See Section 44. 
(6.) aj X 30 = 5 X 24 

, • . <p = 4. 
(6.) ^ of 66 = 30 lbs., and 66 — 30 = 36 lbs. 
= the larger force. 

36 lbs. : 30 lbs. : : 42 in. : x 
.'.X = 35 in. = 2ft. 11 in. 
(7.) Eesnltant = (112 X 20). 
tiet X = distance of smaller force from resultant. 

. • . 132 X » = 112 X 32 
oraj = 28. 

Page 33. 

(8.) 112 — 36 = 77 = the other force. 

Let a = the distance of the smaller force from 

the resnltant, 

. ' . 112 lbs. : 77 lbs. : : 64 in. : x inches 

. ' . a; = 44 inches 

and 64 — 44 = 20 inches = Distance of larger 

force from resultant. 

63 X 55 
(9.) 154 — 99 = 55 lbs. = P. Then — ^— 

= 35 = B. 63 in. + 35 in. = 98 inches = AB. 

(10.) 8:3:: 16in. : aj in. .• . B = 6 ; and 
AC = 16 — 6 = lOin. 16in. :10in. :: 104 lbs. : 
65 lbs. = Q; and 104 — 65 = 39 lbs. = P. 

(11.) Let X = distance in inches of the point 
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from the end where acts the 1 lb. The weights are 

5 inches apart, therefore 

(1 + 2+3+4 + 5) oj = 1X0 + 2X5 + 3 X 10 + 

4 X 15 + 5 X 20 ; 

16 x= 200, and x = 13i inches. 

(12.) One man is 2 feet, the other 3 feet, from 

the middle. Hence, if F and Q be the required 

weights, 

P + Q = 1-6, and 2 P = 3 Q 

. • . P = -9 ; Q = -6 cwt. 

Page 36. 

(1.) If the forces were in equilibrium, the sum 
of the moments about any point would be zero. But 
this is not the case ; for, consider the point A. The 
moments of forces along A B and G A about A are 
zero because thej pass through A ; but the moment 
of the remaining force along B G is not zero. 

(2.) See Sections 48—52. 

(3.) The moments of two of the forces about the 
fixed point are zero by hypothesis -, hence, in order 
that there may be equilibrium, the moment of the 
third must be zero. Hence, its direction must also 
pass through the fixed point. 

(4.) Moment of P = P X ;)G = P X -g- J~S 
„ „Q=QX2G = Qx^^ 



Pr- 

Since the angles ^ C A and ; 

gr C B are respectively 30° -Aj^ 
and 4&% 1 
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SOLUTIONS OF EXERCISES. 



^ AC - BC -. - -. 

•.Px — 73 = Qx-2- V2,andP V3 = Q V2 

. • . 3 P2 = 2 Q2, whence P* : Q2 : : 2 : 3. 

Page 48. 




(1.) Let X = distance of the C. G. from the 
lighter weight. 

Then 11 a = 8 X 33, or oj = 24 inches. 

(2.) Let A B C be the 

bent wire. Bisect A B in 6, 

and B G in/. Then we may 

-^ ^ suppose the weight of A B to 

be 2, and to act at e, and the weight of B G to act 

aty! Hence, the Centre of Gravity is i of ef from e. 

(3.) 60 lbs. : 72 lbs. : : 5 in. : a; in. Distance 

required =: 6 + 6 = 11 inches. 

(4.) Let X = distance in inches from larger weight. 
Then (2-f4 + 6 + 8)aj = 8x04-6x64-4Xl2 
+ 2 X 18 = 120. 

20 a; = 120, and x =: 6 inches. 
(5.) Let triangle G E D be taken 
away; then the G. G. of two tri- 
angles, A E C and E B D, is at the 
centre E. The C. G. of triangle 

2 a <i 
A BE is at ^, g-of -3 — -q from the 

centre. We haye^ therefore, 2 triangles at E, and 1 
at ff. Let a: = distance of the C. G. required from 

E.-.lX - = 3Xa;, and a? = ^. 
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(7.) The C. G. of the triangles ACE, E D B, 
bisects the line joining their ^ 

C. Q.'s, which is i of ^ the /T 

perpendicular height of the / \ 
figure from the base, the C. G. / \ 

of triangle E D is at /, J^ jf ]^ 

^ h from base. Then gf=^ 

i h, Now, we haye 2 triangles at ^, and 1 at /. 

Hence, taking moments about E, 

2x4^* + lX^A = 3x».-.a5 = |^A. 

(8.) See Section 58. Let w zz weight of board. 

w 
Since three weights, each -^ at the comers, will haye 

a resultant w at the C. G., the board will be sup- 
ported if each man bears one-third of the weight. 

(9.) Find the C. G. of the triangle. Bisect the 
line joining this point and the angle to which the 
weight is suspended. 

(10.) The C. G. of the triangle is distant from 
the base i of the length of the line joining the middle 
of the base with the apex. The C. G. of the two 
weights is at the middle of the base. Then, bj tak- 
ing moments about the middle point of the base, it 
will be found that the 0. G. is ^ of the middle line 
measured from the base. 

(11.) Take moments about the two adjacent sides 
of the square, and let x and y be the distances of the 
G. G. from these sides. Then 

2x4 + 6 X 4 + 8 X + 4x0=14x0?. -.a: = 2, 
4fc2x4 + 3x4 + 4x0 + 5x0=14xy.-.y='f^ 
Hence the distance of the 0. G. from the centre 
= 2 -1-2- = A. 



12 SOLUTIONS OF EXERCISES. 

(12.) 4 -f 3 4- 2-4 = 9-4 = height of the triangle. 

ft. ft. lbs. 

9*4 : 4 : : 94 : ar . • . aj = 40 lbs. 
9-4 : 3 : : 94 : 2/ . • . y = tiO lbs. 
9-4 :2-4: : 94 : 2 . • . 2 = 24 lbs. 

(13.) Let X, y, z be the distances of the G. G. 
from the three sides, and h their sum, which is equal 
to the height of the triangle. Take moments about 
each side in succession. 

lX*-f2xO + 3xO = 6a5.-.aj = ^A 

2xA + lxO-f3xO = 62/.'.2/ = i* 
3xA + lxO + 2xO = 62.-.2 = iA 

Page 63. 

(1.) (30 lbs. 4- 20 lbs.) : 80 lbs. : : 15 ft. : a? 

.'. a? = 9 ft., and 16 — 9 = 6 ft. 
(2.) Then 7 X 3 = 9 X a? .'. a: = 2i lbs. 
(3.) Let I = the length of the beam. Then 
^.Z X W = ^X P .-. P = ^W = 10 lbs. 
Pressure on beam = "W — P = 60 — 10 = 40 lbs. 
(4.) The pressure on one prop due to the addi- 
tional weight = 10 — 4 = 6 lbs. 
Then 36 lbs. : 6 lbs. : : 64 in. : a? inches from the prop 

(6.) Let X = the distance of the fulcrum from 
the larger weight ; then 9 X 6 = 16 a; . * . a; = 3 ft., 
and 9 + a? = 12 ft. Now, the increased weights 
are 20 and 10 ; hence, if y = the distance of the new 
folorum from the larger weight, 30 X y = 10 X 12 
. • . y = 4 feet. 

(6.) Here 100 X 18 = P x (42 + 18) .'. P = 
30 lbs. 



STATICS. 13 

(7.) Let ce = feet from end to which weight is 

suspended ; let i£; = the weight of the beam. 

12 
2 w a? = (-^ — x) X w; 3 a? = 6 and aj = 2. 

(8.) W X 1-4 = 56 (10 — 3 — 1-4) = 313-6 

and W = 224 lbs. 
(9.) Two forces whose difference is 7 lbs. and sum 
13 lbs. will be easily found to be 3 lbs. and 10 lbs. 
Let X = distance of the greater force from the ful- 
crum. Then 10 a? = 3 (a; + 14) . • . aj = 6 in. 

and 6 -f 14 = 20 inches. 
(10.) See Section 77. 

V 140 X 154-35 = V4 x35 X 35X4*41 = 2 X 35 
X 2-1 = 147.grs. 

Page 64. 

(11.) Let X = weight. Then -98 x = 14-7 
Hence a? = 15 kilos. 

(12.) Weight of the body = 7-9 — 3 — 2 = 2-9. 
The ratio of the arms is inyersely as the weights of 
the bodies ; that is, as 3 : 2*9 = 30 : 29. 

(13.) Let X = the distance in inches of the moY- 
able weight from the fulcrum. 

First, to mark the position of the moyable weight 
for 1 lb. 0? X 1 = 1 X 8 ± 1 X 3 . • . a? = 11 inches 
or 5 inches, according as the C. G. is on the same or 
the opposite side of the fulcrum as the body to be 
weighed. 

For 2 lbs. aj X 1 = 2 X 8 ± 1 X 3 . • . a? = 19 orl3. 

For eyery additional 1 lb. we require the movable 
weight to be remoyed 8 inches farther from the ful- 
crum : we haye then 
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X = 



11, 19, 27, etc., to 99 ; 
or 6, 13, 21, etc., to 93. 
(14.) Let W = weight of body, and p the dis- 
tance of its point of suspension from the ftdcrum. 
Let 8 = weight of steelyard, and c the distance of 
its G. G. from the fnlcram. Let w = the moyable 
weight, and x its distance. 

W' p ± 8'C = W'X 
_ W'p ± 8 .C 

w 

Hence, the quantities in the enumerator remaining 
the same, x yaries inyersely as w. 

(16.) Since P-R = Qr .'. 24 x 8 = 12 x r. 
Badius of the axle = 16 in. 

(16.) P X 36 = Qr = 30 x 15 .-. P = 12-5 cwts. 

(17.) P X 12 = Qr = 60 X 5.-.P = 261bs. 

(18.) P = 7i X 2 = 16 cwts. Let Q = the 
tension. Then 16 x 144 = Qr = Q x 18 .'. Q = 
120 cwts. = 6 tons. 

(19.) Let A B be the larger arm, and B the 
shorter. As the leyer is uniform, we may consider 
the lengths of these arms to be 10 and 6 units re- 
spectiyely. Let M be the 0. G. of A B, and N of B 0. 

A M X H S 



fL.a 



V 




10 




wD 
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In the first position, let B G be horizontal, and 

let the verticals through M meet OB produced in 

Q. Let Q B = a;. By taking moments about B we 

5 
have 10 aj = 5 x -^. and .•.« = ! '25. 

In the second position, let a weight W be at 0, 
and let A B be horizontal. Let the verticals through 
G and N meet AB produced in S and B. Then 
A B S G in the second figure is equal to A B Q M 

in the first. . ' . B S = aj, and B R = -^ w. 

Take moments about B. 

.-.W X BS4-5xBR = 10 x BM 

.-.W X 1-25 4- 5 X 1P = 10 X 5, 

and . • . W = 37-5. 

Page 71. 

(4.) See Section 87. Since there are 3 sheaves, 
there are 6 strings each bearing -^ of weight. P 
therefore equals -^ of a ton. 

(5.) Since there are 4 sheaves, and 8 strings, 
20 lbs. will support 160 lbs. Hence, the block weighs 
160 — 140 = 20 lbs. 

(6 ) See Section 86. * 

395 102 

7 • . 8 



2)402 2)110 
55 



201 
3 



2)204 2) 60 

102 30 = P. 
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Page 72. 

(7.) Pressnre on the beam = 395 + 30 + 
(7 + 3 + 8 + 5) = 448 lbs. 

(ST.) To have the heaviest pulleys in the lowest 
position. For, let W, W, W", etc., be the weights 
of the pnllejs in order from the highest, then it will 
be seen that P has to support i W, i W, i W", and 
so on. Hence, the lower the pulley, the smaller the 
fraction of its weight, which is borne by P. The 
most advantageous arrangement is, therefore, that 
in which the heaviest is lowest, and all are arranged 
in order of weight. 

(9.) 333 
3 



2)336 



168 
2 

Then 154 — 43 = 111 = pressure 



2)170 exerted on the floor by the man. 



85 
1 



2) 8G 

43 =P. 
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(10.) 154 — 100 = 54 = Power exerted by the 

54 X 2 man. 



108 
Beginning with highest 1 



107 X 2 



214 
2 







212 X 2 






424 
3 


(11.) R2 = 


421 W eight snstaineJ. 
= P2 -h P2 + P2 = 3 P3 

.-.T^'-''^ 2700 


And P = 30 J'S. 
(12 and 13.) See Section 87, Pig. 81. 
(14.) The tensions of the strings, which together 
support the weight, are 
P 
2 P -f 1# j = 147 
4 P + (IJ X 2) + 21 ) 
. • . 7 P = 140, and P = 20 lbs. 


(15.) The 

P 

2 P 

4 P 

8 P 

16 P 


various 

+ 2' 
+ 2 X 
+ 4 X 
+ 8x 


tensions are 

2 + 3 

2 + 2 X 3 + 4 

2 + 4 X 3 + 2 x4 + 5 



.•.W = 31x 12 + 15x2 + 7x3 + 3 x4 + 5=4401bs. 

B 
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Page 81. 

100 X 3 ^^ „ 
(1.) 1. P = —^— = 76 lbs. 



2. Length of plane = ^IP +60^= ^3721 

= 61. 

Then 61 in. : 11 in. :: 122 lbs : P .•.P = 221bs. 

R = ^-(yv^~ZIW) = J (122 -f 22) (122 — 22) 

= 7144 X 100 = 120 lbs. 

3. W = — ,4^^ = 63 lbs. 

lo 

4. Here 5- = r 

id base 

Since P is equal to R in this case, the base is 
equal to the height, and therefore the angle BAG, 
that is, the inclination of the plane, is 45«». 

5. Length = ^ 32^ + 2552 = ^ 66049 = 257 
^^160x257 ^ 5 ^ 257 = 1285 lbs. 

6. Length = J W + 1295'^ = V 1682209 
= 1297. 

P = 1^^267^^y2xll = 7921bs. 

r7 T^ 50 X 1 

/ . P = KQ — = 1 ton. 

(2.) 1. P = i^-^ = 10 lbs. 

2. The base = VTL8T8= ^^ ^2x4x2=12 
P = ?^ = 15 lbs. 



3. Height = V 49 X 1 = 7 

W=^;^ = 12 1bs. 
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4. P = —^^ = 5-6 



R = 75-62 + 92 = 7 ll?36 = 10'6. 

5. See Fig. 82. Since be = ia ft/therefore 
by § 22 the angle haciaZO" ; wherefore also the 
angle BAG, the inclination of the plane, is 30'. 

6. When P acts parallel to the plane, and 
supports W, 

— =— or W =— .'P 

When 2 P, acting horizontally, supports W 

2P A ^ 26 
-=-orW= ^.p 

.i-P = ^.p 
.'. Z = 2 J, and by § 22, B A C = 60\ 



(3.) V 225 X 49 = 15 X 7 = 105 = Base. 
A horizontal force P will support a weight equal to 

base _ Pj< 105 
^ "" height"" 88 
A force P parallel to the plane will support a weight 
equal to 

length P X 137 
"" height"" 88 

But the whole weight supported is 253 lbs. 

105 + 137 



88 



= 253 



^ 253 X 88 ^ „ 
' P = -242- = 921bs. 

(4.) The bas0 = ^ 242 x 200 = VlPx2x 10^x2 
= 220 
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Txr 84 X 220 ^^^ 
Then W = gj = 880 

Hence total weight = 880 + 20 = 900. 

Page 82. 
(5.) Since, by reference to Fig. 83, we see J c is 

-^ when angle a is 30° 

Tension : Weight as 1 : 2. 
. • . Tension = 40 lbs. 
(6.) 100 lbs. See Fig. 82 ; J)c=: ac. 

(7.) See Section 91. ^^^ =: — . 

vy c 

. • . P = 110 X --i— = ~ = 1-25 lbs. 

7 X %3 88 

(8.) W = P X -= 10 X ~ =360 lbs. 

. F d 
(9.) y^ = ^„ See Section 91 . 

352 X f _ 352 X 3 X 7 _ 
■^'^ " 2 X «3 X 48 "■ 2 X 22 X 48 X 5"" ' ^ 

(10.) W = 10 X ^ i 1800 lbs. 

(11.) Let X = the distance between the threads. 

P X 

. • . g^ .= - and aj = A inch. 

Hence in 10 in. we have 20 turns, 

Page 86. 

(1.) See Section 94. 

P-C = Q-<? 

. • . P X 96 = 130 X 6 

_ 130 X 6 Q,, . 
. • . P = — ?r^; — = 8 lbs. 2 ozs. 
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(2.) Draw a system of six movable pnlleys, as in 
Pig. 78. 

P-2« = W. Then W = 10-2« = 640 lbs. 
(3.) Work done by B = 4 x 2 = 8 

Work done by A = 3 x (2 + 2 -f 2) = 18 
Total work = 18 + 8 = 26 lbs. • 
(4.) Let W ascend 1 ft. ; then B descends 1 ft., 
A descends 3 ft., and P descends 7 ft. 

.•.W = 20x7-h3x 3+4x1 
. • . W = 153. 
(5.) Length of plane = JIWT'&T^^ = 67' 7 
Then W x 6-2 = 13 x 67'7 

... w = ^^^4#^ = 169-25. 

5*2 

(6.) Work done by P = 20 x 3 

Work done by W = W x 2 

W X 2 = 20 X 3; whence W = 30 lbs. 

(7.) Work done by P = 14 x 80 

Work done by W = 2240 x x 

2240 X .ij = 14 X 80 

14 X 80 , . , 

"^ = 2240 = ^ '^''^• 

Page 87. 

(8.) There are 8 strings, each of which is short- 
ened 6 in. . • . 6 X 8 = 48 in. = 4 ft. will pass 
through the hands. 

(9.) There are 6 strings to the block, and one to 
the man's hand. Hence the total length of cord re- 
quired will be 6 X 30 + 30 = 210 feet. 

(10.) Suppose the weight to ascend 1 foot, then 
one foot of cord passes oyer the first of the moyable 



22 SOLUTIONS OF EXERCISES. 

pulleys. Since two parts of the cord are shortened 
one foot, two feet of cord pass over the first fixed 
pulley. 

Hence, if the second movable pulley remained 
stationary, 2 ft. would pass over it; but, since it 
rises one foot, 3 ft. pass over it. Since, up to the 
.second fixed pulley, four parts of the string are 
shortened one foot, 4 ft. pass over this pulley. There- 
fore 6 ft. pass over the next movable pulley. Conse- 
quently, in order that the pulleys may all revolve in 
the same time, the circumferences of the fixed pulleys 
must be as 2 : ^ : 6, and the circumferences of the 
movable pulleys as 1 : 3 : 5. 

(11.) Work done by P = P x 108 

Work done by W = 144 x J 

P X 108 = 144 X I 



(12.) J (85 -h 13) (85 — 13) = V 9S ^ 72 = 

^49 X 2 X 36 X 2 = 84 = base. 

Suppose the weight to be moved from the bottom 
to the top of the plane ; then 

Work done by P = 62 x 84 

Work done by W = W x 13 

13 W = 52 X 84 5 and W = 336 lbs. 
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(1.) Acceleration = 90 -5- 4| = 20. 

(2.) See Section 8. 79 — 30 = 49 volodtj 
gained in 7 seconds. Then 49 -f- 7 = acceleration. 

(3.) See Sections 8, 9, 10, 14. 

(4.) Mean velocity = i (43 -|- if ) = 30 
Space passed over =30 x 5 = 150. 
See Figs. 99 and 101. 

(5.) See Sections 13, 14. 

(6.) Yelocity at the end of 7 seconds 
= 80 — (10 X 7) = 10. 

Page 96. 

(7.) By formnla 8=:Yt'-\ft^ 
= 80 X 7 — (J X 10 X 49) = 315 feet. 

(8.) * = i//3 = i X 32 X 64 = 1024 feet. 
(9.) « = V^ -h \fi^ = (11 X 8) -h (i X 8 X 64 
=r 344 feet. 

» = (8 X 8) + V = 64 + 11 = 75 feet. 
(10.) Let X = the initial velocity. 

Mean velocity = 105 -5- 5 = 21 feet. 
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Then (36 + a?) -j- 2 = 21. 

. • . » = 7. 

. • . Velocity gained in 5 seconds = 36 — 7 = 28 ft. 

Hence acceleration = 28 -r- 5 = 5*6, 

(11.) Let X = the acceleration. Since 6 ft. = 

space passed over in one second ; the space passed 

over in the next second will be 6 ft. -f velocity gained 

in 1 second. 

. • . 6 -f « = 11 

.• . aj = 5. 
(12.) Here the velocity acquired in 2 seconds 
= (5 X 5280) -5- (30 X 60) = V 

. • . Acceleration = y -s- 2 = 7'3 feet. 
(18.) By reference to Fig. 101, it will be seen 
the space described in the 8th second is 15 times 
{i.e,f the 8th odd number) that described in first sec. 
. • . space described in first second = Vr = 38 
And acceleration = 38 x 2 = 76. 
(14) s = ift^ . • . / = (2 5 -^ <2) 
Hence the acceleration = (784 -f- 49) = 16 ft. 
Velocity acquired in 7 sees. = 16 x 7 = 112. 
(15.) 8 = \ffi . • . /= (108 -^ 9) = 12 
. * . the acceleration = 12 ft. 
Again applying same formula, ^ x 12 x ^2 ^=: 54 
+ 120 = 174 

t= j (54 -h 120) -r- 6 = ^"29 = 5-38. 

And iiie acceleration = 5*38 — 3 = 2*38. 

(16.) Space described in 4th second is 7 times 

(i.e.j the 4th odd number) that during the 1st second, 

and twice the space in the 1st second is the aceleration 

70 
. • . Acceleration = -=- x 2 = 20. 
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43 J- 75 
(17.) Mean velocity = ~ =z= 69 ; and time 

= ~cq^== 6 seconds. 

Since velocity gained in 6 seconds ==75 — 43 = 

32 . * . acceleration = 5*3. 

7 + 53 
(18.) Mean velocity =: — 5 — = ^^y and t = 

135 

-— = 4*5 seconds. 

Velocity gained per second = (53 — 7) ^4*5 

= 10-2. 

2 477 
Now, time from rest = 53 -^ 10* jr = -qq seconds. 

(19.) Acceleration = 2x3x4 = 24. 
(20.) Let X = the acceleration ; then, in two con- 
secutive seconds, the space passed over in the second 
is cqaal to the space passed over in the first second, 
-f the velocity gained in the first. 

. • . 36 -h a? = 44, and x = S. 
Let t = time from rest, before entering on the first 
second. 

... 36 = f/C<-f 1)3 — 1/^2 = 4(2^ + 1). 
. • . t = 4, and ^ -f 1 = 5. 

Page 105. 

(1.) v=fft = d2x8 = 2e56. 

(2.) v = gt . • . ^ = 500 -J- 32 = 15| seconds. 

(3.) V = Y —fft = 80 — 32 X 3 = — 16 feet 

(t.c, IG ft. downwards) ; and t = — =-^= 5 sc. 
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(4) v = Y +fff=ieo -^ (132 X .5) = 320. 

V = fft .' , t = S20 J^ S2 = 10 seconds. 
(6.) For A, 'y = Y+y^ = 240-r (32x6) =432. 

PorB. «? = Y — ^^ = 240— (32x6) = 48. 
The velocities are . • . as 432 : 48, or 9 : 1. 

(6.) v=Y—fft = 9e — (S2 X 4)=— 32(^.6., 
32 ft. downwards). 

(7.) Let h be the height; then for the falling body 
h ^ 

^ 9 
For the ascending body ■— ==Yt - gt^ 

Substitute for t, which is the same in both equations, 

.•.V= JJh. 
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(9.) For ascent, t = — = ^-^ = a 

9 g 

For descent, v = qV r ,t' = -^=h 

^ 9 

Total time, a -f &. 

(10.) S=\g^ = \ X 32 X 49 = ?84 feet. 

(11.) 8 = \ X Z2 X 180^ = 518,400 feet = 

172,800 yards. 

(12.) 8 = Yt'\-\gf = {h0x4i\)^\xZ2x (^f 
= 549 feet. 

(13.) S ^Yt--\g^ = (150 X 6i)— I X 32 X (y )2 
= 299 feet. 

(14.) 8=Yt--^gt^= (96 X 475)— i x 32 x 
4-752 = 95 feet. 
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Height of ascent =-^ = -^ oH" =, 144 feet 

Time of ascent := — -— = 3. 

g 32 

Hence, after 4f seconds, the body will be descend- 
ing, and will be 95 feet firom the ground ; hence the 
whole distance passed over will be 2 x 144 — 95 
= 193 feet. 

(15.) V = Y — gt = 3^ — 4y = — g (i.e., 
downwards with velocity g. 

8 = Yt — ^gt^ = S^ X 4i — \g X 16= 4^, 
(16.) See Ex. 4 and 5. Page 103. 

(17.) TLtJi = mean velocity. Then i (J '\-v)t 

= space. 

(18.) Height = - = .^^32 = 20i feet. 

(19.) v2=:2^* = 2x32x 1600 = 102,400; 

and © = J 102,400 = 320. 
(20.) S = Yt — ^gtK 

100 = 100^ — 16^2 .-. t = SorlJ. 

Page 107. 

/oi ^ ^^ 80 X 80 -^^. . 

(21-) * = "2^ = 2-ir32- = ^^^ ^""*- _ 

(22.) First, * =i xyx^2^and<= ^-f^ = ^ 

Secondly, s' = | x ^ x ^3^ and if = J±^ = -J 
Then the interval = J- — ^ = 2 second. 
(23.) v3 = Y2 — 2 y » = 602 — (2 X 32 X 50) 

V = ^400 = 20 feet. 
(24.) »2 = V2 -h 2 ^* = 100 -h (2 X 32 X 75) 

v= 71:900 = 70. 
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(?5.) I. For- A, « = iy^2 = 16 f2. 

II. s — 100 = i ^ (^ — 1)2, 
Substituting the first value of s in II., 
16 ^2 — 100 == 16 (jf — 1)2 
32 ^ = 116, and ^ = 3i seconds from A's start. 
(26.) v2=:Y2^2^«.-.V= Jv^ — 'lgs = 



J 1042 — (64 X 69) = 80. 

(27.) 'y2 =V2 -h 2/j? .'. /= (!?' — V2) -7- 2 « 
= (1202 — 802) ^ 200 = 40. 



Pagb 115. 



(l.)/=^|.= 32 X 1 = 51 feet. 

(2.) /=^w'^^^''50'^25 ^^°®^®^*^°^- 

1 ^^ 1 16 ,„^ 8 X 144 ..2 
.= ^/^ = i X - X l22 = .^-=46- 

120 
(3.) velocity gained per second = —^ = 20 

P ^ 20 X 12 „, ,. 

(4.)/=,|^|=32x|^ = 32x^ = 8. 
(5.) S = |/<2 = ix8x62 = 4x25 = 100ft. 

p Q 2 

(6.) / = y p^fTn =" ^^ ^ 3"2 ~ ^ ^®®* P®^ ®®°- 

,S= 1/^2 ... 144 = i X 2 X <2 

Hence ^ = 12 seconds. 
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p 
(7.) f = g =^, Now, pressure producing the 

motion is 2 lbs., and the weight moved is 2 + 50 = 

2 16 

52 lbs. ."./= 32 X -rx^^.^ 
•^ 52 13 

16 , 40 1 

. • . Velocity acquired ==fQ^2^==— = 3 — . 

(8.) 5 = l/^2 = |xJ|x52 = lx^i=15^|ft. 

(9.) Let the weight be measured in tons, and the 
acceleration by miles per hour gained in one hour. 
Let R = the resistance, and let W = the weight of 
the second train (including engine). The acce- 
leration in the first case is 60 miles an hour gained 
in an hour, and in the second case 42 miles an hour 
gained in an hour. Let P = the force of the 
engine; then P — B» = the pressure producinp^ 
motion. 

.-. 60 =^— g^,and42 = g -^r^— 

.-. gr (P — R) = 3600 = 42 W 
. • , W = 86| tons. 
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(1.) Momentum of A = (10 x 100) -^-y. 
The bodies are brought to rest. . • . Momentum of 
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B equals momentum of A. Let x equal velocity in 
feet of B. 

Then (x x 100) -s-y = (10 x .100) -h g 

10 X 100 ^. . . , 

ar = TTuT" = 1^ ^®®^ P®^ second. 

(2.) Leaving out g, which cancels, we have 

6 X 50 = 300 momentum of one body. 
10 X 20 = 200 momentum of other body. 

_. (300 — 200) 100 ., . . , 

Then ..^ ^ — - = y^ = 04- feet per second 

velocity after impact. 

(3.) The momentum of first ball, 5 x 60 = 300, 
must be equal to the total weight of the three balls 
mnltiplied by the final velocity, 

. • . 300 -J-. (5 + 7 + 8) = 16 feet per second. 
(4.) Let Wi, Wg, be the weights of the gnn and 
shot ; Vi, Vg, their respective velocities. 

Then Wi Yi = Wg Yg 
5 X 2240 X Yi = 28" x 100 

28 X 100 

. • . Yi = T KKT?, = '25 feet per second. 

^ 6 X 2240 ^ 

(6.) Let X feet per second be velocity of larger 
body. 
Then a? x 16 = 12 x 12 . • . » = 9 feet per second. 

(6.) Let "Wi, Wg bo respective weights ; Y^, Yg 
the respective velocities. Then Wj Y^ = Wo Yg. 
The weights Wj, Wg are as 2:1 . • . Yj, Yg are in 
inverse proportion, i.e., 1 : 2. 

(7.) Let the velocity of the smaller part after the 
explosion be less than the original velocity by Y^. 
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Then the velocity, of the larger part will be greater 
than the original velocity by Yg, such that W^ V^ = 
W3V3. Then 30 x Y^ = 62 x 30, and Yi = 62 less 
than the original Y. . • . 50 — 62 = — 12, i.e., 12 ft. 
per second in the opposite direction. 

(8.) The momenta gained in the same time by 
the two must be equal, or M^ '/j = Mg 'j^. Hence 
the accelerations of the two bodies must be in inverse 
proportion to their masses. 

. • . 2 : 5 : : 40 : 100 acceleration of smaller body. 
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(1 and 2.) See Section 1. 

(3.) In the direction of the force only. 

Page 11. 

(4.) The pressure will be transmitted undimi- 
nished to every point in the sphere. 
(5 and G.) See Solution. 
(7.) Pressure on area of 12 = 6 kilogs. 

6 y 360 
Pressure on area of 360 = — r-jr — =150 kilogs. 

(8.) Pressure on area of 18^ = 900 lbs. 

900 X 32 
Pressure on area of 3^ = — zr^-ij — = 25 lbs. 

18-^ 

(9.) Pressure on area of 42 = 400 grs. 

r, /.KKO ^iOO X 55^ ,-»,^^w „ 

Pressure on area of ob^ = = 75625 lbs. 

(10.) By application of principle of work (Part I., 
page 83), we have a? x 20 = 800 x 5. 

X = (800 X 5) -i. 20 = 20 lbs. = the power. 
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(13 .> Pressure on area of 502 == 1000 kUogs. 

^^o 1000 ,,.- 
Pressure on area of 1^ ="2500 "^ ^"Ogs. 

To support 1 gramme a depth of 1 centimetre is 
required. 

To support 4 kilog., (= 400 grammes,) a depth of 

400 centimetres, or 4 metres, is required. 

(12.) Pressure on a plane of area 36^ = 2700. 

2700 
Pressure on a plane of area 1^ = -roqir= 2/-5 lbs. 
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(13.) Pressure on the unit, a square centimetre, 

= 100 grammes. 

Pressure on a surface 150 x 120 centimetres 

= 100 X 150 X 120 = 1,800,000 grammes. 

= 1800 kilogs. 

(14.) Pressure on area 3^ = 1 kilog. 

1 X 120^ 
Pressure on area 120^ = ^ — = 1600 kilogs. 

(15.) 6 : 30 : : 100 : 500 kilogs. Hence, 500 
kilogs. is the force acting on the piston ; and 1600 x 
500 = 800,000 kilogs. is the force acting on the press. 

Page 21. 

(1.) Weight of 1 cubic centimetre of water = 1 
gramme. In a column 30 metres deep on a square 
centimetre there will be 3000 cubic centimetres, and 
the weight of 3000 centimetres = 3000 grammes. 

c 
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(2.) The pressnre on a square incli at a depth of 
600 feet is equal to the weight of a colamn of water 
the area of the base of which is 1 square inch, and 
height 600 x 12 inches ; that is, of 7200 cubic inches. 

Weight of 1 cubic inch = ^^^q ^^^' 

^ . 1.x i. ^^r^r. , . . , 1000 X 7200 
Weight of 7200 cubic inches = T72S 

= 4166i ozs. 

(3.) Let 0? = the depth of a column of water on 
an area of 36 square centimetres whose weight is 
equal to that of the disc. 

. • . aj X 36 = 1080 

. ' , x=SO centimetres. 

(4.) Area of surface = 18 x 15 = 270. 
Pressure at depth of 20 = 270 x 20 x 10 lbs. 
= 64,000 lbs. 

(5.) Their edges are as 2 : 1. Their cubical con- 
tents are as 2^ : 1 = 8 : 1. . • . Pressures on their 
bases are as 8 : 1. 

(6.) Area = 144 square inches. 
Pressure at depth of 5 = 5 x 144 x 8 = 5760 ozs. 
= 360 lbs. 

/'7^ A 4^ 4^ V /^V 22 9 X 22 

(7.) Area of sec. of cylin. = (o^ x -^- = — = — 

square centimetres. Weight of a column of water in 

22 

the cjh'nder at the given depth will be 9 x -y x 35 

= 990 grammes. Since this is the weight which 
the pressure of the fluid on the base of the cylinder 
would support, it is the weight of the plate. 
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(8.) The pressnres on the bases are equal. See 
Section 22. 

(9.) Diagonal of the rectangle = J (ll^ + GO^) 
= 61 inches. 

Area of rectangle = 11 x 60 = 660 square inches. 

Depth of middle point = — inches. 

61 

Hence pressure is equal to the weight of 660 x - - 

or 20,130 cubic inches of fluid = 20,130 x 1^ 
= 30,196 ozs. . 

(10.) Area of triangle = — jr — = 750 square 

centimetres. 

30 
Centre of gravity is at a depth of ^ = 10 centi- 

metres &om the surface. 

. ' . Pressure = 750 x 10 = 7600 grammes. 

(11.) Area of square in centimetres = 800 x 800 
= 640,000 square centimetres. 

Pressure on 1 Bq. cent, of a column 200 cent, high 
= 200 grammes. 

Pressure on lid = 640,000 x 200 = 128,000,000 
grammes = 128,000 kilogs. 

(12.) 241 — 25 = 216 ft. height of surfiwe above 
the tap. 

Pressure on 1 sq. ft. at depth of 216 ft. = 216 x 1000 

Ti^ 1 • ij-xi. 216 X 1000 -^^ 
Pressure on 1 sq. in. at ditto =^-r = 1600 ozs. 
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(13.) The pressnre depends simply on the size of 
the base and the depth of the liqnid. As neither of 
these will be altered by dipping in the metal, the 
pressnre on the base will remain the same. 

(14.) In this case the depth of the water, and 
therefore, also, the pressnre on the base, will be in- 
creased. The amonnt of increase will depend on the 
shape of the vessel. 

Page 28. 

(1.) Its specific gravity is the same as that' of 
water. 
Therefore weight of 18 cubic centimetres = 18 grams. 

(2.) 150 cubic centimetres weigh 120 grammes. 

120 4 
1 cubic centimetre weighs =-=7. = - 

loU o 

Taking specific gravity of water as 1„ the specific 

. 4 

gravity of the body is - or 'S. 

(3.) 1 centimetre of brass weighs 1 x 7*5 = 7*5 
grammes. 

200 centimetres of brass weigh 7*5 x 200 = 1500 
grammes. 

(4.) Weight of 1 cubic foot of stone = — Irrr— 

= 2495 ozs. 

Hence the weight of 1 cubic foot of water = 2494 
-5- 2'6 = 998 ozs. 
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(5.) Weight of 1 cubic foot of mercury = 1000 x 
13 5 = 13,500 ozs, 

12 X 13,600 ^„^, . ^.« , . 

Hence j~ — = 93'75 oz. = wt. of 12 cub. ins. 

(6.) Volume of water to weigh 1 gramme = 1 
cubic centimetre. 

Volume of zinc to weigh 1 gramme = 77-_- cubic 

D*85 

centimetres. 

Volume of zinc to weiffh 109*6 = 

^ 685 

= 16 cubic centimetres. 

(7.) Volume of water to weigh 1000 ozs. = 1 cub.ft. 

Volume of stone to weigh 1000 ozs. = ;r-. cubic feet. 

2'4 

Volume of stone to weigh (112 x 16) ozs. = 

1 X 112 X 16 



2-4 X 1000 



= *14S cubic feet. 



(8.) Specific graviiy = h^i ^J^^2 + s,v, 

_ 1| X 1-2 -f U- X '96 -f U X 1-456 

IJ + li -h li 

1-8 -f 1-28 + 1-82 ^ ^ 
= — - = 1-2. 

(9.) The weight in water is the true weight minus 
weight of an equal volume of water, viz., 100 grammes. 

784 — 100 = 684 grammes = weight in water. 

(10.) Weight of 1 cab. cent, of alcohol = '79 grms. 
Weight of 1000 cub. cent, of alcohol = 790 grms. 

This, too, is the weight of a body which floats 
with 1000 centimetres of its volume immersed. 
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(11.) One cnbio centimetre weighs the same as 
^ of a cubic centimetre of water. 
Hence one cnbic centimetre weighs -f-, or '8 grammes. 
(12.) Weight = 1000 x 13-568 ozs. = 848 lbs. 
(13.) Weight of 1000 cubic units of standard 
substance = -35 x 1000 = 350. 

Weight of given substance = 360 x 3 = 1050. 
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(14f.) Specific gravity 

= -9625. 



13 X 1 + 3 X -85 



"" 8 

(15.) One cubic centimetre weighs (^V of 1000) 
-i- 10 = 6*26 grammes. 

Since 1 cubic centimetre of water weighs 1 gramme, 
the specific gravity = 6*25. 

(16.) Let X = specific gravity of the third. 

^ 1-55 + 1.75 + aj ^ ^ 
Then -^ — = 1-6 

X = 1*5. 

Page 39. 

(1.) Here 6*21 grammes is loss ofweight in water. 
Hence the specific gravity = 36*84 -^ 6*21 == 5*9. 
(2.) 47*48 — 43*33 = 4*15 loss ofweight in water. 
And 47-48 -;- 4*15 = 11-4 specific gravity. 

,o X gjjg-ifi -x True weight 

V .; pecin gr y — ^Qgg Qf ^ejgjjlj ^f ^g^^j. 

True weight = specific gravity x loss ofweight in 
water = 2-56 x 878 =: 9*6768 grammes. 
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(4.) Let X = specifio gravity of the body. 
Loss of weight in water is the trae weight divided 
by the specifio gravity. 

' ' x^ 11-44 ~ ^ ^ 
X = 6'69. 
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(5.) Loss of weight in water = 246,000 — 210,000 
= 36|000 grammes. 

Hence the volume = 36,000 cubic centimetres. 

But the volume ought to be u> -^ *, or 246,000 -t- 
8-56 = 28,?71*9. There must, therefore, be a cavity 
or flaw in the substance of the cannon. 

(6.) Loss of weight in water = 25 — 20 == 5. 

Then specific gravity of body = 26 -^ 6 = 5. 

Loss of weight in the liquid = 26 — 16 = 10. 

« .^ *i /.I. .J Loss of weight in liquid 

Specific gravity of hquid = ^0^^ of weight in water 

» ^ -2. 

(7.) Weight of air = 379'896 ~ 263-625 = 116-37 
grammes. 

The capacity = weight of whole -h weight of a litre 

= 116-37 -f. 1-293 = 90 litres.. 

(8.) Weight of air in the balloon = 379-895 — 
263-526 = 116-37 grammes. 

Weight of same volume of gas = 293-687 — 
263-525 = 30- 162 grammes. 

Specific gravity of gas = 30-162 -5- 116-37 = '26 
nearly. 
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(9.) Let W = weight of the body. Then 3 
of its bulk of water weighs W, and the weight of its 
own bnlk of water is 3 W. Specific gravity is there- 
fore W -^ 3 W = 4-. 

(10.) Weight of gold in air = 97 grammes. 
Weight of gold in water = 104-2 — 95 = 9*2 grs. 
Weight of the water which overflows = 9*7 — 9'2 
= '5 grammes. 

. • . Specific gravity = 97 -j- '5 = 19*4. 
(11.) See Section 37. 
Weight of fragment of metal = 14'85 grammes. 
Loss of weight in water = 2*03 grammes. 
Specific gravity = 14-85 -5- 2-03 = 7-31. 
(12.) Loss of weight when weighed in pure water 
is 13 — 6*9 = 6*1 grammes. 

Loss of weight when weighed in salt water is 
13 — 6-2 = 6-8 grammes. 

Now these results give ns the weights of equal 
volomes of pure water and salt water. 

. • . S, G. of salt water = 6*8 -5- 6-1 = 1-1147. 
(13.) Let a = area of the base ; then 10 = the 
volume, and 10 x *25 the weight. 

Let the depth of water equal in weight to 10 
inches of cork = x, 

. • . a? fl = 10 a X -26, and aj = 2^ inches. 
. * . 2| inches of cork will be immersed. 
(14.) Loss of weight of wood and iron, when 
weighed in water is (7 + 7-8) — 5*3 = 9-5 lbs. 

Loss of weight of iron, when weighed in water, is 
7-8 — 6-7 = 1-1 lb. 

Loss of weight of wood when weighed in water 
= 9-5 — M = 8-4 lbs. 
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Hence specific gravity = ttt = r- 

Page 41. 

(15.) Let X = true weight in air. 
Then specific gravity = ~ 
But since W = V. «. to 

.-. aj = V.^ -1000 

. • . V = -01. 

(16.) Let W = weight of body ; then \ of its 

bulk of liqnid = W, and the weight of it^ own bulk 

of liquid is therefore 3 W, its specific gravity then 

referred to liquid is -g-, and referred to water = -]- 

X 2-5 = -83. 

(17.) Let W = weight of body. 

Then ^ of its bulk of the liquid = W 

3 W 

And its own bulk of liquid = — jr- 

1 3 

. • . Specific gravity = - x 2*6 x - = 1'25. 

(18.) The water will exert a pressure on the 

metal equal to the weight of 10 cubic centimetres of 

water; that is, to 10 grammes. Hence, also, the 

metal will exert a pressure on the water of 10 grams. 

(19.) Since the specific gravity of the metal is 8*5 

8*5 lbs. of metal lose 1 lb. in water 

. • . 8*5 lbs. of metal weigh 7*5 in water 

7''5 X 20 
20 lbs. of metal weigh — ^.^ — = 17-H- lbs. 
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(20.) Let w = the weight of the rod, and v its 

V 

10 



volnme. Then — = volume of rod. The weight of 



stone having a volume r^: = weight of water having 

, V w 

a volume 7 = ;r. 
4 3 

Hence weight of a volume v of stone = — m;. 

o 

The specific gravity of the stone as referred to 

10 4 
water is therefore -q- -^ 5 = 2*5. 

(21.) None. The upward pressure is equal to 
the downward pressure ; and both, in this case, are 
equal to the weight of the body. 

(22.) Weight of body is equal to the weight of 
water displaced, viz., 5*76 cubic inches. 

m, . t_.. ,i_ 5- 76 X 1000 _ 3 -^ 
Then weight m lbs. = jyfgg ?- Id = Vt lbs. 

Total weight = IO5V lbs. 

(23 and 24.) Let v^ be the volume of a, and Vo 
that of &, and let v^ > v^. 

Let w^ be the weight of a, and Wc^ tbat of h, 

Now, the weight of a body = its weight in water 
+ the weight of the water it displaces. 

Hence, since both a and h weigh the same in 
water, but a displaces more than &, v)^ > w^. 

Let w^ be the weight of both in water, and x and 
y their weights in mercury of specific gravity y. 

The specific gravity of the two bodies are therefore 

Wj — W3 Wo — Wg 
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They are also — — — and 



2^2^ 



'''9(^i — ^z) = «^i — «, 2Jidg(w^ — w^) z=wt^ — f/ 

But tf^i > ivq 
r , X y 

Page 61. 

(1.) Water is 18*596 times Kghter than the mer- 
cnxy used in the barometer ; therefore, a column of 
7Q X 13-596 = 1033-296 centimetres is supported. 

(2.) Height of column if liquid were water 
^*I^ y. 13'596 centimetres. 

Height of column of liquid of specific gravity 2*5 
= (76 X 18-596) -5- 2-5 = 418-3 centimetres. 

(8.) Height of column of alcohol = 88 -J- '825 
= 40 feet. 

Page 62. 

(4.) Eefer to Eig. 27, page 56. The pressure at 
B = atmospheric pressure (P) -— pressure due to 
column of height D E. If a small hole be made at 
B, the fluid at B will be exposed to the pressure of 
the atmosphere P, and the resultant pressure at B 
will be P — P — pressure due to height D E, and 
will therefore cause the water to descend in B D. In 
a similar manner the water will descend in B G. 

(5.) The vertical difference of level between the 
sur£ftees of the fluid in the cistern and tube will re- 
main the same. Hence, the fluid will occupy a greater 
length of tube. 



4.4 SOLUTIONS OF EXERCISES. 

(6.) Kofer to Fig. 27. The greatest height of 
D E at any station is the height of a barometer of 
the fluid at that station. As the pressure of the at- 
mosphere diminishes as we ascend a mountain, the 
limit of the length D E diminishes. 

(7.) Weight of cubic inch of water = 1790 ozs. 

Column of water supported = 30 x 13'5 inches. 

1000 
Pressure per square inch = t^Hq ^ 30 x 13'6 oz. 

The air is half exhausted, therefore the pressure 

is diminished by one-half. 

^ 1000 

Pressure = jfog ^ ^^ ^ ^^'^ -5- 2 = 11718 oz. 

(8.) Pressure on square inch by column 1 inch 
high = 7*8 ozs. 

Pressure on square inch by column 29*5 inches 
high = 7-8 X 29-5 = 280-1 ozs. 

(9.) Column of water supported = 29'6 x 13*5 
= 398-25 inches. 

(10.) Let X = height of mercury ; 
8 a; = height of water ; 
13*596 X = height of water equal to x centi- 
metres of mercury. 

A water barometer would stand at 1020 centimetres. 
. • . 3 aj + 13-596 a? = 1020 centimetres. 

a = 61-5 centimetres. 
(11.) See Question 6. The limit of the height 
D E will be diminished. 

(12.) The pressure of the atmosphere is trans- 
mitted by the fluid to the sides and base. Hence, 
when the barometer falls, this pressure will diminish, 
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and when the barometer rises, the pressure will in- 
crease. 

(13.) Height of a water barometer = 760 x 13'5 
millimetres. 

Hence, height of a barometer of the given liquid 
= (760 X 13-5) -=- 3-5 = 2931-4 miUimetres. 

(14.) See Solution. 

Page 63. 

(15.) Total pressure at depth of 45 inches is the 
weight of (30 x 13*5) + 45 = 450 inches of water = 

r-— > or SS-y inches of mercury. 
lo'o 

(16.) Taking contents of the barrel as 1 and that 
of the receiver as 5 . • . The dennity after the first 

stroke will be - of the original density; after the 

5 5 25 
second it will be t ^^ /T = oT; o^ original density ; 

and after the third stroke - of — = -~- ; i,e,, the 
density has been diminished by nearly a half. 

(17.) After first stroke, density = -; after 

second, density = ^ of g = (-)'' ; after third, 

5 ""^(l) =^(l) 5 and so on. 

. • - Taking original volume as 1, the air removed 

.-. 1 - (-!)■ 
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(18.) Since the pressure of the air on the inside 
of the top is the pressure at the surface of the water 
in the bell, and the pressure on the outside of the 
top is the pressure due to the depth of the top, the 
former pressure exceeds the latter ; and, if a hole be 
made in the top, the air will be forced through it. 

(19.) 12 metres = 1200 centimetres. Hence, the 
pressure on a square centimetre is that of a column 
of water of the height of {76 x 13-596) + 1200 
= 2233-296 grammes = 2-233,296 kilogrammes. 

(20.) See Solution to Question 14 

As the air surrounding the body is made denser, 
the weight of the displaced air increases, and there- 
fore the weight of displaced water must decrease ; 
or, in other words, less of the body will be im- 
mersed. 



THE END. 
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gardening."— l/at2tf IfetDS. 
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A PRACTICAL GUIDE 

To the Choice, Breeding, Bearing, and Management of all 

descriptions of 

FOWLS, TURKEYS, GUINEA FOWLS, 'DUCKS, AND GEESE, 

FOB PROFIT AND EXHIBITION. 

With accnrate and beautifally Coloured Plates, illustrating all the 

different varieties. 

By HUGH PIPER. 

Author of " Pigeons ; their Yaxieties, Management, Breeding, and Diseases.** 



CONTENTS: 

Chap. I. Jn^oA«tf ion.— Neglect of Poultry-breeding— Profit of Poultrr- 
keeping— Value to the Farmer— Poultry Shows — Cottage Poultry. Chap. IT. 
Tht Fowl-House.— ^ixe of the House— Brick and Wood— Cheap Hoases-TheBoof 
—Ventilation— Light— Warmth — The Flooring — Perches— Mo veabie Frame- 
Boosts for Cochin-Cbinas and Brahmah-Pootras— Nests for Lajing— Cleanliness 
— Fowls' Dung — Doors and Entrance-holes — Lime- washing — Fumijgfating — 
Baising Chickens under Glass. Chap. III. Th« Foi02-Far(i.— Soil— Situa- 
tion— Covered Bun — Pulverised Earth for Deodorising— Diet for Confined 
Fowls— Height of Wall, jcc.— Preventing Fowls from Flying— The Dust-heap— 
Material for Shells— Oravel—The Gizzard- Tbe Grass Bun. Chap. IV, 
^ood.— Table of Belative Constituents and Qualities of Food— Barley— Oats-- 
Meal— Befuse Com— Boiling Grain— Indian Com or Maize— Buckwheat, Peas, 
Beans, and Tares— Bice— Hempseed— Linseed— Potatoes— Boots— Soft Food- 
Variety oi Food — Quantity — Mode of Feeding — Number of Meals — Grass and 
Vegetables— Insects— Worms— Snails and Slugs— Animal Food— Water— Foun- 
tains. Chap. V. JBgg8.—EBgs all the Year round— Warmth Essential to 
Laying — ^Forcing Eggs— Soft Shells— Shape and Colour of Eggs — The Air-bag — 
Preserving Eggs— Keeping and Choosing Eggs for Setting — Sex of Eggs — 
Packing Setting-eggs for Travelling. Chap. VI. The Sitting Hen.— Evil 
of Bes&aining a Hen from sitting--Checking the Desire — ^A Separate House 
and Bun — ^Nests for Sitting in — Damping £^«— Filling for Nests— Choosing 
their own Nestc — Choosing a Hen for Sitting— Number and Age of Eggs — Food 
and Exercise — Absence from tbe Nest — Examining the E^ftps — Setting two Hens 
on the same Day— Time of Incubation— The " Tapping '^ Sound— Breaking the 
Shell— Emerging from the Shell— Assisting the Chicken— Artificial Mothers- 
Artificial Incubation. Chap. VII. Rearing and Fattening Fowls. The 
Chicken's first Food— Cooping the Brood— Basket and Wooden Coops— Feeding 
Chickens— Age for Fattening— Barn-door Fattening— Fattening Houses— Fat- 
tening Coops— Food— "Cramming ''-Capons and Poulardes— Killine Poultry- 
Plucking and Packing Fowls— Preserving Feathers. Chap. VIII. Stock, 
Breeding, and Crossing.— Well-hnd Fowls— Choice of Breed— Signs of Age- 
Breeding in-and-in — Number of Hens to one Cock — Choice of a Cock— To 
prevent Cocks from Fighting— Choice of a Hen— Improved Breeds — Origin of 
Breeds— Crossing— Choice of Breeding Stock— Keeping a Breed Pure. Chap. 
IX. Poultry Shoios.— The First Shows— The first BiraiTngham Show— Influence 
of Shows — Exhibition Bules— Hatching for Summer and Winter Shows- 
Weight— Exhibition Fowls Sitting— Matching Fowls— Imparting Lustre to the 
Plumage — Washing Fowls— Hampers— Travelling-Treatment on Betum— 
Washing the Hampers and Linings— Exhibition Points. Technical Terms 
—Chaps. X. to XXIII. inclusive. The DifferefU Breeds.— CHAr, XXIV. 
Diseases. 

QROOMBRIDGE d SONS. 5, Paternoster Row, London. 



Croirn 8t(^ demiiUy bound, (nit e^M ilitutrated with Twelve beantifuDy oolonnd 

Sngravings, price Si. od., post free for forty-two stamps. 

THE CANARY: 

ITS VABIETIES, MANAGEMENT, AND BBEEDDTO. 
With FortraiU of the Author' 8 own Birdt. 

By the Rev. FRANCIS SMITH. 

Contains deseriptions of all the Different Yarieties of this popular 
Household Favourite, illustrated with Coloured Portraits of Birds in 
the possession of the Author. With this book every care has been 
taken to produce the most complete Manual ; while the lUustratioBS, 
general appearance of the volume, and low price at which it it 
issned, will render it the most popular work on the inbject. 



CONT 

▲ PLBi. TOB TH1 CAVABY 
OBiaiK OP OUB OWN OANABIA 
THB WILD CANABY 
OUB LIZABDS 

OI7B TOBESHIBB SPAN^LBS 
OI7B NOBWICH YELLOWS 
OUB LONDON FANCY BIBD8 
0I7B BELGIANS 
OUB aSBBN BIBD8 



ENTS. 

OUB OiKNAirONS 

OUB TUBNOBESTS 

THB DOMINIE AND THE aBBKAVS 

PBEPABATIONS FOB BREBDINe 

NBBT BOXES AND NBSXi 

OUB PIBST BIBDS 

OUB KISF0BTUNB8 

OUB INPIBHABY 

ON OAGBS 



OPINIONS OF THE PRESS. 

"To the reverend gentleman who gives ns this hook we owe mnch; it is so 
admirably done as to be thoroughly perfect as far as the subject goes. He tells us 
everything about the canary, and in the pleasantest manner, enlivening his story 
with many anecdotes. Years of thought and study, and familiarity with nis subjea 
in all its bearings, have enabled him to tell us everything needful to be known by 
Uiose who keep the bird— one or maay : how best to be its friend and its doctor; 
how to improve without impairing nature ; how, in a word, the extremest amount of 
enjovment mriv be derived from the cultivation of tliose delicious little inmates of 
our homes. The book is a delightful book ; it may give pleasure to tliose who do not 
keep the birds ; but to those who do it will be indispensable." — Art Journal. 

**A tasteful little book, writton evidently by an enthusiast in the studv of fhe 
beautiful and innocent creatures whose habits he describes. It is likely to nuke 
the canary a greater favourite than ever.'* — Jiomxng Star. 

"A lar^ amount of pleasure combined with much curious information majbo 
easily emoyed by families or young folks who choose to follow Mr. Smith's direc- 
tions. The book is written in'a pleasing style, and will take its place as a popular 
manual and an ornament for the drawing-room table." — The Student. 

*' The style in which the author details the various incidents connected with hii 
little pets IS so pleasant and so alluring, that really one feels inclined on laying down 
the book to rush out forthwith to the nearest dealer, and without delay secure the 
necessary material for the formation of an aviary." — €it]f Press. 

"This volume contains matter valuable to all who are interested in its inbjeet: 
while to those who have never paid attention to the canary the work can hardly tm 
to open up a source of attraction. The reverend author is an enthusiastic lover of 
the oird, and the result of his experience should find favour with all who share kit 
enthuaiaam."^6/ajr^oie HsrtUd., 
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CHEAP AND USEFUL HANDBOOKS 

FASHnrO, GABDENINO & BTTEAL AFFAIB& 



JBaeh Book tent post free at the price marked, 

THE GREENHOUSE. It8 CoKSTBUonoir Ain> MANAaBMBNT, 
ropuLAELT TEKATBD. Contouto : Ck>n8tractioii, Situation, Erection, Glaiins. 
tlie Stiu;e, Henting, Ventilation, Soils, Potting, Watering, List of Planti, and 
Plant! tor Forcing. Phoe 4d., post firee for five itampa. 

F&UIT TREES AND FBTriT-BEABDra SHBUBS. Compriaing 
plain directions for the cnltiTation of the Apple, Pear, Plum, Cherry, Apricot* 
Peach, Nectarine, Gooseberry, Currants, Baspberry, and Strawberry. Face 4dL, 
post free for Ave stamps. 

THE BEASINO AND MANAGEMENT OP P0ULTB7. A conciBe 
Treatise upon the management of Ducks, Geese, Turkeys, and all Bomestie 
Poultry, with Diagrami of Poultry Yards, etc Price m., poft free for Ave 
stamps. 

THE GABDEN FBAME, ITS CONSTBUCTION AND MANAGE- 
MENT. Contents : Construction, Uses, Employment for Forcing, Forcing the 
Cucumber, Raising Vegetable and Ilower Seeds. The Garden Frame as a pro- 
pagating bed and as a Hybematory. Price id., post free for flve stampe. 

THE HORSE. A Treatise upon its Varieties and Manaeement^ 
comprising a plain and concise account of the Dray Horse, Suffolk Punch. 
Cleveland, ClyaesdHle, Galloway, Highland and Shetland Ponies, Cob Hmrsee or 
Koadsten, Cwch Horses and Huntcis, with a Chapter on Breeding and Seating. 
Price id., post free for Ave stamps. 

CATTLE. A Treatise on the Breeding, Rearing, and Fattenixig of 
the various kinds of Bullish Cattle, comprising Long Horns, Short Horni^ Here- 
ford, Devon, Sussex, Aldemey, Galloway, West Highland, or Argyle, with plaia 
directions as to chnce if Breed. Price id., poet free for nve stampe. 

THE CULTIVATION OP ARABLE LAND. A Treatise on tha 
renewing and maintai nance of the fertility of the Soil, with obsenrationB oa 
Ploughing, Fallowing, iflarrowing. Manuring, Sowing, etc Price 4L, poet free 
for five stamps. 

jtfNNXTALS POB THE PLOWEB GABDEN. Being a description, 
with plain directions for Culture of Seventy Hardr Annuals, with the colours, 
height, and time of flowering of each species. Price ^., post free for Ave 
stamps. 

COTTAGE PARMING. An Elementary Catechism on the flnt 
principles of Agriculture; embracing Draining, Manures, Cowkeepiug, Pigs, 
Bees and Poultry, Farm Offices, etc. Price id., post free for five stamps. 

GABD£NING. An Elementary Catechism on Qardening, com- 
prisiuK Soil and Situation, Enclosing and Laying Out, Growth of Plants, Bot»> 
tion of Crops, Priming, Weeding, and Propagation. Price 4i<., post free ft rftv 
Stamps. 



LoXDOVs GBOOMBBIDGS & S0N9i 5^ Patbbvostib Bow. 



CnvB tro^ aloUi gitt, priee li. Cd, pott free for ^ itaBpi. 

FIELD FLOWERS. 

BT SHIBLEt HIBBEBD. 

A hiodj book fiv the BambliDg Botanist, •acgeitiDg what to look for^ and where te 

go, in the Oat-door Stnoy of Britiah Plauta. 

ninstrated with Coloured Platea and nnmeroni Wood EograTingt* 



Grown 9fo, eloth gQtp price Si. 6d., poet free fat 4A etampa. 

THE TELESCOPE. 

BT THB HON. MBS. WABD. 

. With Colanred Platea and Wood Engmvinga, from Drawinga by the Aufnok* 

A familiar Sketch of Aitronomical Difooverj, combining a Special Notice ok 
JojittXA eoming within the range of a imali Telescope. 



Grown 8to, doth gilt, price Sa. (ML, poet free for 48 atampa. 

THE MICSOSCOFE. 

BX THE HON. MBS. WABD. 

With Cdonred Plata and Wood Engravinga, firom Drawinga by the Author. 

A popular description of some of the most beautiful and instructive Objects fot 
Exhibition, with Directiona for the Arrangement of a Microaoope, and the CoUeetion 
and Mounting of Objecta. 



Grown 8vo, doth gilt, price 8b. (ML, poet flree for 48 atampi. 

COXJNTBY WALES OF A NATURALIST 

WITH HIS CHILDREN. 

BT THE BEY. W. HOUGHTON, M.A., FX& 
lUuatrated with Eight Cohrared Plates and nuneroas Woodenli. 



Crown 8to^ eloth gilt, price 8a. 6d., poit free for 48 atampf. 

SEA-SIDE WALES OF A NATURALIST 

WITH HIS CHILDREN. 

£T THE BEY. W. HOUGHTON, MJL, ISA 
Illustrated with Ei^t Coloured Platea and numerous Woodevlti 
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BOOKS FOR YOUNO NATURALISTS. 



Grown Svo., elegantly bonnd, gilt edges, Illustrated with 16 beauti- 
folly coloured Plates and numerous Wood EngraTings, price 5s. 

NESTS AND EfiGS 

OF FAMILIAR BIRDS. 

Described and Illustrated, with an account of the Haunts and 
Habits of the Feathered Architects, and their Times and Modes of 

Building. 

By H. G. ADAMS. 



Crown 8yo.y elegantly bound, gilt edges, Illustrated with 8 beauti- 
fully coloured Plates and numerous Wood Engravings, price 8s. 6d. 

BEAUTIFUL BUTTERFLIES. 

DESCRIBED AND ILLUSTRATED. 

With an Introductory chapter, containing the History of a Butterfly 
through all its Changes and Transformations. A Description of its 
Structure in the Larva, Pupa, and Imago states, with an Explana- 
tion of the scientific terms used by Naturalists in reference thereto, 
with observations upon the Poetical and other associations of the 

Insect. 

Bt H. G. ADAMS. 



Crown 8vo., elegantly bound, gilt edges, Illustrated with 8 beauti" 
folly coloured Plates and numerous Wood Engravings, price 3s. 6d • 

BEAUTIFUL SHELLS, 

THEIR NATURE, STRUCTURE, AND USES 

FAMILIARLY EXPLAINED. 

With Directions for Collecting, Clearing, and Arranging them in 

the Cabinet. 

Descriptions of the most remarkable Species, and of the creatures 

wMoh inhabit them, and explanations of the meaning of their 

scientific names, and of the terms used in Conchology, 

By H. G. ADAMS. 



Crown 8vo., elegantly bound, gilt edges, Illustrated with 8 beauti- 
foUy coloured Plates and Wood Engravings, price 8s. 6d. 

HUMMING BIRDS. 

DESCRIBED AND ILLUSTRATED. 
With an Introductory Sketch of their Structure, Plumage, Haunts, 

Habits, etc. 

By H. G. ADAMS. 
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GIFT BOOKS FOR YOUNG PEOPLE 

At One Shilling and Sixpence each. 
OSOAR: A TALE OF NORWAY. 

AND OTHER STOBIES. 
Containing Osoab : a Tale of Norway ; Hovh at thb Hayes ; 

The Foundling of ths Wbeok. 

THE CHILDREN AND THE SAGE. 

AND OTHER STORIES. 

Containing The Children and the Sage : a Story of Galileo ; Thi 

Seeeeb and the Finder : a Story of Columbus ; The Stobt 

OP Wellington. 

A LFRED THE GREAT. 

AND OTHER STORIES FROBf HISTORY. 
Containing Alfred the Great ; The King and the Bondihv ; 

The Crusaders. 

ROUND THE WORLD. 

AND OTHER STORIES. 
Containing Kound the World ; The Prophet and thb Lost Cett ; 

The Ship and the Island. 

MOFFAT, THE MISSIONARY. 

AND OTHER STORIES. 
Containing Moffat, the Missionary ; Haloyon Days ; Thi 

Bewards of Industry. 

LOUIS DUVAL. 

AND OTHER STORIES. 

Containing Louis Duval : a Story of the French Bevolution ; 

The Sea Kings ; The Young Ehigbants. 

The foliowing Critical Opinions have appeared on the above Booh: 

"These stories are all distinguished by high feeling and sensible teaching.'*— 
Morning Post. 

"This is a very meritorious series.**— iStondard. 

*'Maybe safely recommended to all who are looking out for cheap, pleasant 
and sensible stor^ books. Their general tone is exceUent, and the stones, whioh 
. embrace many different subjects, are related in a lively and entertaining style.** 
— Manchester Examiner. 

"Each and all of them, are well worthy the attention of parents awdoas to 
find a presentable book, which Ihall elevate as well as entertain the minds ol the 
reader." — Croydon Chronicle. 

"These worlcs are well printed, carefully illustrated, and bound in %yfKf 
handsome and attractive manner ; all likely to interest, at the same time to 
instruct young persons." — Scotsman. 

""Very pleasant volumes, all prettily illustrated.*' — Oraphic 

** This is a series of books tastefully bound, finely illustrated, and written in the 
free, simple, and enthusiastic style, which captivates Juvenile minds.** — Olaigtm 
'Daily Herald. 

' GROOMBRIDQE d SONS, 6, Paternoster Row, London, 



Crown 8vo., cloth, gilt edges. Price Sb. 6d. 
Illustrated with Coloured Plates. 

FAVOU RITE 

SONG BIRDS. 

A description of our Feathered Songsters, with an account of their 
Haunts, Habit% and Characteristic Traits. 

By H. G. ADAMS. 



Crown 8vo., cloth, gilt edges. Price 3s. 6d. 
Illustrated with Coloured Plates and Wood Engravings. 

THE NATURAL HISTORY OF. 

CAGE BIBDS. 

THEIR 

Management^ Habits, Food, Diseases, Treatment, Breeding, and 

the methods of Catching them. 

By J. M. BECKSTEIN, M.D. 

Foolscap 8vo., cloth. Piice 3s. 
Illustrated with Eight Steel Plates and Wood Engravings. 

A TREATISE ON 



SfHEEF. 



CONTAINING 

The best means for their Improvement, general Management, and 

treatment of their Diseases ; 
With a Chapter on Wool, and the Management of Sheep in 

Australia. 

By AMBROSE B L A C K L C K. 



Foolscap 8vo., cloth. Price 4s. 
Illustrated with numerous Wood Engravings. 

THE BEEEEEFEB'S MANUAL. 

OB 

Practical Hints on the Management and complete Preservation of 
the Honey Bee, with a desciiption of the most approved Hives and: 

other appurtenances of the Apiary. 

By henry TAYLOR. 



Foolscap 8vo., cloth, with Coloured Plate. Price ls» 

PIGEONS. 

Tl'eir Varieties, Management, Breeding, and Diseases. 
By HUGH PIPER. 



GROOMBRIDGE d SONS, 5, Paternoster Row, Londorir 



ELEGANT GIFT BOOKS 

ON 



Bemy Svo., cloth, gilt edges, with beautiftiUy coloared Illustrations, 
from Drawings by eminent artists, priee^s. (post free for 60 stamps.) 

CURIOSITIES 

ENTOMOLOGY. 

A Collection of highly interesting Essays upon the peculiarities of 

Insects and Insect Life. 

CONTAINING 



Bees and their Counterfeits. 
British and Foreign Beetles. 
Micro-Lepidoptera, or Leaf-miners. 
Coleophora, or Tent Makers. 
Ephemera, or May Fly. 



Mimetio Analagy. 

Inseet Disguises. 

Oak Feeding Silkworm of China. 

Insects' Eggs. 

The Mierosoope. 



Bemy 8yo., oloth, gilt edges, with beautifully coloured IHustrationB, 
from Drawings by eminent artists, price Ss. ^ost free for 60 stamps.) 

CURIOSITI E8 

or 

ORNITHOLOGY. 

A C<dlection of highly Interesting Essays upon the peouliarites of 

Birds and Bird Life. 



GONTAININO 



The Pinnated or Prairie Grouse. 
Birds of Paradise. 
Homed Pheasants or Tragopaas. 
The Blue Cheeked Barbet 
The HombillB. 



The King Penguin. 

The BeU Birds of Ameriea. 

The Turaooes of Africa. 

The Owl-Parrot of flTew Zealand. 



The following Critical Opinions have appeared on these two Books: 

" The illustrations to these are beyond all praise, and would alone make the 
IxMks valuable as gift books, to say nothing of the jrapular character of the 
information contained in them."— AcMio Opinion. 

*' Contain exquisitely coloured plates, and the accompanying text is all that 
<ian be desired in explanation of them." — Qwri^M/ri Magtuine. 

"Admirably illustrated, while the descriptions are so free from **»«*'*»»*i*i' 
\ ianffuage. that the most unlearned can comj^ehend them."— ^o&n BuU. 

'vThe illustrations are admirable, and to a naturalist one of the most desirable 
9)068e88ions." — Sunday Times. 

** Will prove of real value to students." — Standard. 

** No gift book could be more appropriate, nor we should say more acceptable 
tbo one fond of Natural History." — Scotsman. 

"Elaborate contributions to the discoveries of Science."— ^^ITt ITiikiy 
Messengsr, 

SROOUBRIDGE d SONS, 5, Paternoster Row, London. 



THE GARDENER'S RECEIPT BOOK. 

OoBt&ining Hetbodsfor destroying all kinds of Termln and Intef.'ts injariont to Ibt 

Garden, with Preventives and C*iresfo.* the different Diseases of Plants, and 

Directions for the preservation ii Trees, Fruit, Flowers, Ac, &c. 

BY WILLIAM JONES. 

Th« following are the JPHnetpal Contend of ths W^-^ ;— 



Idhesive ii«Iltare for stick- 
ing specimens on paper 

ints, to expel 

to kill 

^Bgle formed by roofs of 
greenhouses, Ac, the 
rule to ascertain 

Apples, to keep a long time 

Arufloial coral for rock- 
work, to make 

Asphalte for walks, a cheap 

Attacks of maggots in 
onion, to prevent 

— of red spider, to pre- 



Bee. to cure the sting of a 

Blras from seeds, to scare 

-^— to poison 

Blacklead, indelible on 
line, labels to make 

Blight, to clear roses from 

—— to destroy American 

Branch or flower, in the ex. 
act position to preserve 

Biitish-grown tobacco, to 
prepare 

Carnations; from wire- 
worm, to protect 

•—to protect from rabbits 

Cateii>illar8,on gooseberry 
trees, to kill 

Cattle barking trees, to 
prevent 

Cwnent to fasten pieees on 
iron pipes 

Club, in brocoli, to prevent 

Cockroaches, trap for 

*— to poison 

CcBBpoiition to heal 
wounds on roses, &c. 

— — to make calico trans- 
parent and waterproof 

Conservatory, of wood- 
lico, to clear 

Coral, to make arttftcia], 
for rookwork 

Crickets, to poison 

Cucumbers, to cure mil- 
dew in [of time 

— — to keep fresh a length 

•». and melon aeeds to 
prove 

«-^ to clean [time 

Cut flowers, to keep a long 

Dahlias, to keep through 
the winter [Idll 

Docks, dandelions, Ac, to 

Duckweed, of ponds, to 
clear 

Barwig^ trap for 

Bxportatioc, to prepare 
seeds for 

#freproof mortar, to make 



I Flowers, to preserve cut 

to revive withered 

Oalvanio protectors, to 

make 
Oarden mousetoap 
Gold fish, to treat 
Grafting wax, to make ^n 
Grass plots, to kill worms 
Gravel walks, to kill weeds 

on 
Green paint, to make cheap 
Green fly on plants, to de- 

%\xoiy (to cure 

Gumming, in fruit-trees. 
Herbarium, to dry plants 

for 
Honey from bees, without 

destroying them, to take 
Hot-water pipes, to Joint 

to stop leakage in 

Ice, to preserve 
Ink, for cine labels 
InstructionB to hybridise 

plants 
Lawns, to kill moss on 
—— to destroy worms on 
Leakage in hot-water 

pipes, to stop 
Lettuce and Strawberries, 

to protect from Bnalls« 

&o. 
Marble, to cleab [vines 
Uealy-bttg, to destroy on 
Mice taking peas, to pre- 
vent 
Mildew in aU sorts of 

plants, to prevent 
—— to remove from rosfs, 

pelargoniums, &c. 
— — to cure in cucumbers 
Misletoe, to propagate 
Moles, to poison 

to extirpate [kill 

Moths for prrjsenring, to 
Moss on lawn i, to kUT 
-~— on me«.dow.land. f;o 

kill 
on fruit-trees, to | re- 

vent the growth 
Mousetrap, garden 
Mice, to poison 
Mushroom spawn, to'make 
Names on wall4ruits, to 

grow [scale on 

OrchidsB plants, to kill 
Otto of roses, to rosJce 
Parsley, to dry, for winter 

use [from wasps 

Peaches, die., to protect 
— trees, vines, dpc.,wash 

for 
Peas from slugs, to protect 
I Pine plants, to kill scale on 



Preventive for red spidei 

in melon pits, &o. 
Plant sticks, to prevent 
rotting [able 
Putty, to make imperish. 
Rats, to poison [tacks of 
Red spider, to prevent at- 
on vines, to destroy 

— thrips, «c., in pita, to 
kill » -- -» 

Scale on orchidas plaote 

tokiU 
^— on pine plants, to kill 
— — wash to kill [rtove 

frt>m fruit-trees, to re. 

Seeds fur exportation, ts 

prepare 
S<Hntion to preserve wooi 
Small birds, to poison 
Snails ds worms crawling 

up trees, to prevent 
Sting of a b«ie^ to cure 
Tlirips, dsc, on euconw 

hers, to kill 
Timber trees, to poison 
Tobacco water, a cheap 
— — to prepare Britulb 

grown 
Tomtits, to poison 
Trees, on open walls, to 

fumigate 
— — for snails 
— — for earwigs 
— — for mice 
Trap for cockroaches 
Tulips, die, to expand 
Turnips, from fly, to en- 

sure a crop of [step 
Tines from bleeding, to 

peaches, Ac, wash for 

——to destroyred spider on 

— to kill mealy-bug on 
Walnuts with their shells 

clean, to preser%'e 
Wash to prevent cattle 

barking trees 
^— for vines, peaches, Acb 
Wasps' nests, to destroy 
Waterproof oompositUNi 

for calico 
Weed and worms in gravel 

walks, to kill 
White flowers red, to turn 
Wireworm, to protect 

from, carnation 
Worms on lawns, to • "ostroy 
Wood, soluti>n tu preserve 
Woodlire, tra7 for 
to kiU [tory of 

— to clear a cctsurTa. 
Zinc labels, to niiake iiik 

for [indelible i a 

— — - to malw blacklei d 
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WITH COLOURED PLATES. 

Valuable Work of Reference for the Garden 

and Oreenhonse. 



THB 



3PL0E&L WORLD 



AXD 



GARDEN GUIDE. 

KDITID VZ 

SHIBLET HIBBEBD, Esq., F.S.H.S. 



PUBLISHED MONTHLY, PRICE SIXPENCE. 

ANNUAL SUBSCRIPTION SIX SHILLINGS. 
A S^edmtn Numiar sent part ftr§0 fur Sepen Stamps, 



GROOMBRIDOE k SONS, 5, Patssitosteb Row, London, 

AND ALL BOOKSEIiLSBS. 



J- very few worde wiU UU the ohject of ' Thi Flosal Wobld.' 

'Thx Floxal Wokld' if deToied entirelv to Gardening Subjects, and no lab- 
•idiary topics are allowed to interfere with tne fall consideration of these, as repre- 
sented in the several departments of Plant Houses, Flower, Fruit, and Vegetable 
Culture, Garden Scenes and Embellishments, the Management of Allotment Xands^ 
Flower Shows, and Horticultural Botany. 

These are severally treated in a simple and praetieal manner by experienced pern, 
and the fullest attention is given to commnnicationa from Correspondents, whether 
seeking or conveying information. 

Gardening Amateurs want information on all sorts ef subjects: they want to ask 
questions, and to get dnl answers ; and often they desire to have a whole code of 
tome special department of Plant Culture condensed into the compass of a nutsheU. 
They are growers of Flowers, Fruits, and Vegetables, and many of them exhibitors 
in each of these three departments ; and to keep pace with the timesjthev need to 
be informed, from month to month, what is going on in ** The Floral World," what 
new plants have been introduced from **far countries," what new sorts have been 
raised at home, and, perhaps, more important still, what, among the immense numbers 
(tf varieties we possess, deserve to be retained, improved, and preserved. 

For amateurs with moderate means, and ambition to excel in the varioos prae* 
lices of Horticulture, and in the floral decoration of the garden, greenhouse, con- 
servatory, and the windows of the dwelling, 'The Flobal Woxld' will be found a 
cheap and practical medium of intelligence and intercommunication, its price within 
the means of all, and, it is trusted, so planned as to be universally acceptable. 
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